Objectives: Patients with pectus excavatum have a poorer quality of life than the general population. Sleep quality is a critical component of quality of life. This pilot study compared the sleep quality of adult patients with pectus excavatum with that of the general population in Taiwan.
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Central Message
Regardless of disease severity, PE negatively affects psychologic function, which, in turn, affects sleep quality. Surgical repair could improve sleep quality for patients with PE.
Perspective
Many studies have shown that patients with PE have a poor QOL. On average, humans spend one fourth to one third of the day asleep. Therefore, sleep quality should be included while evaluating QOL. However, sleep quality has never been studied in patients with PE. Our findings suggested a potential association between poor sleep quality and PE.
See Editorial Commentaries pages 781 and 782.
Patients with pectus excavatum (PE) have a lower quality of life (QOL) than the general population. [1] [2] [3] Most QOL studies on PE primarily focused on children and adolescents, but not adults. Only a few studies that included both adolescent and adult patients with PE compared their QOL with that of healthy subjects. [4] [5] [6] To date, no study has globally evaluated QOL in adult patients with PE aged more than 20 years. On average, humans spend one fourth to one third of the day asleep. Betty Ferrell and Marcia Grant developed a model to evaluate QOL that includes sleep quality for patients with various diseases. 7, 8 Two previous studies have used this model to investigate the impact of Nuss surgery on QOL (including sleep quality) of children with PE and found improved postsurgery QOL and sleep quality. 9, 10 However, this model subjectively evaluated sleep quality using only a 10-point rating scale that may be too arbitrary.
The 36-Item Short Form Survey (SF-36) is used worldwide to evaluate health-related QOL. However, only 1 study used the SF-36 to evaluate health-related QOL in patients with PE. 11 The Pittsburgh Sleep Quality Index (PSQI) is well known for evaluating subjective sleep quality. 12 The PSQI is negatively correlated with SF-36. 13, 14 However, to date, no studies have used the PSQI to evaluate sleep quality for patients with PE.
The Beck Depression Inventory-II (BDI-II) is a useful tool to subjectively evaluate psychologic outcomes of illness. 15 The Brief Symptom Rating Scales-5 (BSRS-5) can reliably screen for psychiatric morbidities in both medical and community settings. 16 Most studies on PE used modified Nuss questionnaires or other disease-specific questionnaires to evaluate the psychologic impact of PE. 1, 2, [4] [5] [6] 11, [17] [18] [19] However, no studies on PE have used the BDI-II and BSRS-5.
This study attempted to evaluate (1) sleep quality and QOL in adult patients with PE and the general population; (2) factors affecting sleep quality in adult patients with PE; and (3) if Nuss surgery could improve sleep quality for adult patients with PE.
MATERIALS AND METHODS Participants
A total of 33 adult patients with PE scheduled for the Nuss procedure were recruited at the Division of Thoracic Surgery, Department of Surgery, Taipei Tzu-Chi Hospital, in January to December 2016 as the inpatient group. Inclusion criteria were age 20 years or more with a Haller index 3.0 or more, no psychiatric or medical illness, no use of psychoactive, soporific, or illegal drugs, and nonsmoking. The control group comprised 30 healthy adult nonsmokers recruited from the families of patients with PE, medical staff, and the families of medical staff who fulfilled the same inclusion criteria but had no PE confirmed by chest surgeon. To control for the effect of presurgery stress in the inpatient group during the baseline outcome measurement, we extracted 21 age-matched adults with PE from the outpatient department when they were first evaluated. These patients were enrolled in another study of ours (Institutional Review Board protocol No.: 05-X17-070 with ClinicalTrials.gov ID.: NCT03346876), were not under consideration for Nuss surgery, and served as the outpatient group. All participants completed questionnaires at baseline, but only the inpatient group had second measurements 6 months after Nuss surgery (Video 1).
All participation was voluntary, and written informed consent was obtained. The study was approved by the institutional review board of Taipei Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation (Institutional Review Board protocol No.: 04-XD15-056).
Anthropometric Measurements and Demographic Data
Baseline characteristics were collected, including age, gender, body height, body weight, body mass index (kg/m 2 ), indications of surgery in inpatient group and presetting symptoms in outpatient group, Haller index, 20 and employment status (student or nonstudent).
Measurements of Quality of Life
QOL was assessed using a visual analog scale for pain (VAS), the Chinese version of the BSRS-5 16 , and validated Chinese versions of the BDI-II 21 and SF-36v2 (Optum SF-36v2 Health Survey) (Table E1) . The VAS is a simple tool to subjectively rate the severity of painful bodily sensations, ranging from 0 to 10 (0 ¼ no pain; 10 ¼ extremely severe pain).
The BSRS-5 16 is a 5-item, self-administered questionnaire measuring (1) anxiety (feeling tense or high-strung), (2) depression (feeling depressed or in a low mood), (3) hostility (feeling easily annoyed or irritated), (4) interpersonal sensitivity (feeling inferior to other people), and (5) additional symptoms (having trouble falling asleep in the past week). Each item of the BSRS-5 is rated on a scale from 0 to 4 (0 ¼ not at all; 1 ¼ a little bit; 2 ¼ moderately; 3 ¼ quite a bit; 4 ¼ extremely). The total score of BSRS-5 represents the psychologic status during the day of measurement.
The 21-item Chinese BDI-II measures the severity of self-reported depression. Each item is scored from 0 to 3 (0 ¼ I do not feel so; 1 ¼ I feel so; 2 ¼ I feel so all the time and I can't snap out of it; 3 ¼ I feel so, that I can't stand it). The sum of the scores of the 21 items (BDI-II score) indicates the severity of depressive symptoms (higher BDI-II score indicating more severe depressive symptoms).
The 
Measurements of Sleep Quality
The validated Chinese version of PSQI was used to assess subjective sleep quality during the past 1 month (Table E1) . 22 The scale comprises 19 items with 7 components: sleep quality (PSQ-1), sleep latency (PSQ-2), sleep duration (PSQ-3), sleep efficiency (PSQ-4), sleep disturbance (PSQ-5), frequency of sleeping medication use (PSQ-6), and daytime functional impairment (PSQ-7). Each PSQ item is rated on a scale from 0 to 3 (0 ¼ no difficulty, 3 ¼ extreme difficulty). The global sleep quality index was calculated with PSQI total scores, ranging from 0 to 21. Good sleep quality was defined as PSQI total scores 5 or less, and poor sleep quality was defined as PSQI total scores 6 or greater.
Statistical Analysis
Raw data of the SF-36v2 Chinese version were analyzed using the Health Outcomes Scoring Software 5.0 provided by Optum. Continuous data were summarized as mean AE standard deviation or median (interquartile rang, P 25 VIDEO 1. This is a case of a 29-year-old man receiving a modified Nuss procedure using bilateral thoracoscopic assistance. Lots of studies had showed that patients with PE had a poor QOL, which can be improved after surgical correction. On average, humans spend one fourth to one third of the day asleep. We suggested sleep quality should be included while evaluating QOL. However, sleep quality had never been studied in patients with PE. Therefore, we conducted a pilot clinical study to evaluate if sleep quality is affected by PE and if surgical correction could improve patients' sleep quality. Our findings suggested sleep quality is poorer in patients with PE in Taiwan that can be attributed to the resulting psychologic issues, rather than the PE itself. The poorer sleep quality could be improved after Nuss repair surgery for correction of PE. At present, sleep quality is not routinely evaluated in patients with PE before and after surgical correction. We suggested both subjective or objective evaluations of sleep quality might be considered before and after a patient undergoes surgical correction for PE. Video available at: https://www.jtcvs.org/ article/S0022-5223 ( RESULTS Table 1 provides a description of the characteristics of the 3 groups. There was no significant difference in age between groups (mean age ¼ 24 years for inpatients and outpatients; mean age ¼ 25.5 years for controls). Most were male (100.0% in outpatient group and 84.8% in inpatient group) and nonstudents (61.9% in the outpatient group and 69.7% in the inpatient group, P > .01). Compared with the outpatient group, the inpatient group was significantly higher in noncosmetic symptoms/surgical Data on MCS, VT_NBS, MH_NBS, PSQI-total scores, and ESS score are presented as mean AE standard deviation; other continuous variables are shown as median (interquartile range). PSQI-severity and excessive daytime sleepiness are expressed as count (%). Continuous data were analyzed using analysis of variance and Kruskal-Wallis test; categoric data were analyzed using Pearson chi-square test; post hoc tests were conducted using Tukey's test and Dunn's test. QOL, Quality of life; VAS, visual analog scale; BSRS-5, Brief Symptom Rating Scale; BDI-II, Beck Depression Inventory; SF-36v2, 36-Item Short Form Survey Chinese Version 2; PCS, physical component score; MCS, mental component score; PF, physical functioning; _NBS, norm-based score (0-100%); RP, role physical; BP, bodily pain; GH, general health; VT, vitality; SF, social functioning; RE, role emotional; MH, mental health; PSQI total score, sum of PSQ-1 to PSQ-7; PSQI severity, good sleep quality for PSQI total score 5 and poor sleep quality for PSQI total score !6; PSQ-1, Pittsburgh sleep quality questionnaire-1 (subjective sleep quality) (0-3); PSQ-2, Pittsburgh sleep quality questionnaire-2 (subjective sleep latency) (0-3); PSQ-3, Pittsburgh sleep quality questionnaire-3 (subjective sleep duration) (0-3); PSQ-4, Pittsburgh sleep quality questionnaire-4 (subjective sleep efficiency) (0-3); PSQ-5, Pittsburgh sleep quality questionnaire-5 (subjective sleep disturbance) (0-3); PSQ-6, Pittsburgh sleep quality questionnaire-6 (sleep pills usage frequency) (0-3); PSQ-7, Pittsburgh sleep quality questionnaire-7 (daytime functional impairment) (0-3); ESS, Epworth sleepiness scale. *Significantly different between control group and a given group, P <.01. ySignificantly different between outpatient group and a given group, P <.01. zSignificantly different between inpatient group and a given group, P <.01. Bold indicates there was difference between 2 given groups.
indications (47.6% vs 90.9%, P <.01). Other characteristics showed no differences among the 3 groups. Table 2 shows the comparison of QOL and sleep quality among the 3 groups. All scales (except for BSRS-5, BP and VT) showed significant differences among the 3 groups (all P<.01). In the inpatient group, the PCS, MCS, PF, RP, GH, SF, RE, and MH were significantly worse than in the control group (all P <.01, Table 2 and Figure 1, A) . In both the outpatient and inpatient groups, PF and GH were significantly worse than in the control group (all P <.01, Table  2 and Figure 1, A) . The VAS pain scale was significantly lower in the control group than the outpatient groups (all P <.01, Table 2 ).
The PSQI total scores of the inpatient group were higher than that of the control group (6.6 AE 2.3 vs 4.4 AE 2.4, P<.01, Table 2 and Figure 2 , left), suggesting the inpatient group had poorer subjective sleep quality than the control group in the past month. In addition, the subjective sleep latency (PSQ-2 scores) of the inpatient groups was longer (indicating patients took more time falling asleep) than for the control group (P .01, Table 2 ), suggesting that the inpatient group spent more time falling asleep in the past. For excessive daytime sleepiness, there were no significantly differences among the 3 groups. Sleep quality and QOL were compared before and after Nuss surgery in the inpatient group, as shown in Table 3 . After Nuss surgery, the pain significantly increased (VAS scores increased from 0 vs 2, P <.001, and SF-36v2 BP worse from 55.6% vs 51.5%, P ¼ .001). However, BDI-II scores significantly decreased (7 vs 4, P ¼ .003), and SF-36v2 MCS and GH significantly increased (43.5% AE 8.5% vs 48.0% AE 8.3%, P ¼ .001 for MCS; 45.0% AE 9.4% vs 50.6% AE 8.2%, P ¼ .002 for GH) (Table 3 and Figure 1, B) . Total subjective sleep quality (PSQI total scores) significantly improved after Nuss surgery (7 vs 4, P ¼ .002; Table 3 and Figure 2, right) . The PSQ-3 scores significantly decreased after Nuss surgery (1 vs 0, P ¼ .001, Table 3 ), suggesting that sleep duration significantly increased after Nuss surgery. The inpatient group also could sleep for longer periods after Nuss surgery. Figure 3 shows correlations among characteristics, QOL, and sleep quality of the 3 groups. In the control group, the BDI-II had a medium correlation with SF36v2 PCS 100%) ; RP, role physical; BP, bodily pain; GH, general health; VT, vitality; SF, social functioning; RE, role emotional; MH, mental health; PSQI total score, sum of PSQ-1 to PSQ-7; PSQI severity, good sleep quality for PSQI total score 5 and poor sleep quality for PSQI total score !6; PSQ-1, Pittsburgh sleep quality questionnaire-1 (subjective sleep quality) (0-3); PSQ-2, Pittsburgh sleep quality questionnaire-2 (subjective sleep latency) (0-3); PSQ-3, Pittsburgh sleep quality questionnaire-3 (subjective sleep duration) (0-3); PSQ-4, Pittsburgh sleep quality questionnaire-4 (subjective sleep efficiency) (0-3); PSQ-5, Pittsburgh sleep quality questionnaire-5 (subjective sleep disturbance) (0-3); PSQ-6, Pittsburgh sleep quality questionnaire-6 (sleep pills usage frequency) (0-3); PSQ-7, Pittsburgh sleep quality questionnaire-7 (daytime functional impairment) (0-3); ESS, Epworth sleepiness scale.
(rho ¼ À0.48, P <.01). However, there was no correlation between total sleep quality (PSQI total scores) and all other variables in the control group (Figure 3, A) . In the outpatient group, SF36v2 MCS had a medium correlation with the BDI-II (rho ¼ À0.64, P <.01) and a high correlation with BSRS-5 (rho ¼ À0.82, P <.01). The BSRS-5 was moderately correlated with the BDI-II (rho ¼ 0.59, P < .01) (Figure 3, B) . However, there was no correlation between total sleep quality (PSQI total scores) and all variables, including the severity of PE (Haller index) (Figure 3, B) .
In the inpatient group, correlations also existed among the SF36v2 MCS, BDI-II, and BSRS-5 as in the outpatient group (Figure 3, C) . A medium correlation was found between total sleep quality (PSQI total scores) and psychologic status (rho ¼ À0.59, P < .01 for PSQI and MCS; rho ¼ 0.56, P <.01 for PSQI and BDI-II) (Figure 3, C) . Table 4 shows the role of all variables in sleep quality (PSQI total scores). The sleep quality of the inpatient group was significantly positively correlated with that of the control group (beta ¼ 2.18, P < .001) in a univariate linear regression analysis. The univariate linear regression analysis also showed that psychologic impairment (BSRS-5 and BDI-II) and daytime functioning impairment (Epworth sleepiness scale and EDS) were significantly positively Spearman's correlation among participants' characteristics, QOL, and sleep quality of sleep in the 3 groups (A, control group; B, outpatient group; C, inpatient group). In the control group, the BDI-II had a medium correlation with PCS (A). In the outpatient group, the BSRS-5 had a medium correlation with the BDI-II and a high correlation with the MCS. The BDI-II had a medium correlation with the MCS. There was no correlation with the PSQI (B). In the inpatient group, the BSRS-5 had a medium correlation with the BDI-II and MCS. The BDI-II was highly correlated with the MCS. The PSQI had a medium correlation with both the MCS and BDI-II (C). *P <.01, significant correlation between 2 variables. VAS, Visual analog scale for pain; BSRS-5, Brief Symptom Rating Scale; BDI-II, Beck Depression Inventory; PCS (%), physical component score (0-100); MCS (%), mental component score (0-100); PSQI, Pittsburgh sleep quality index total scores. correlated with total sleep quality (all P<.01). However, all SF-36v2 scales, except PF and BP, showed significant negative correlations with total sleep quality (all P .01). After using the multivariate linear regression model to simultaneously adjust for those significant factors in a univariate analysis with stepwise selection, the results showed that only total sleep quality was significantly positively correlated with the BDI-II (beta ¼ 0.18, P < .01). There was no correlation between outcome measurement time and total sleep quality.
DISCUSSION
This study showed that patients with PE had poorer sleep quality, which was associated with their psychologic symptoms but not physical impairments or the severity of PE itself. Pectus deformity has no physiologic relationship with poorer sleep quality. Likewise, sleep quality improved after pectus repair, which was likely related to the psychologic factors. Collectively, this suggests that PE-related psychologic issues affected sleep quality, especially in patients with PE who were waiting for surgical repair.
Research shows that the psychologic impact of PE in children is stronger than its physical impact.
1,3,17 Zhao and colleagues 2 found that psychologic trauma in patients with PE was positively correlated with PE severity and age, especially among teenagers in Chinese populations. However, in our study, psychologic trauma was not correlated with disease severity, suggesting PE-related psychologic trauma may differ between children and adults. Adult patients with PE may have come to terms with their chest deformity per se, regardless of its severity.
The surgical indication of our patients was mainly noncosmetic, which was different from previous reports in children. 23 This indicates the decisive factor for Nuss surgery in adult patients with PE might be different than that for children. Although the BSRS-5 evaluated psychologic status on the day of measurement, the BDI-II evaluated psychologic status in the week before measurement, and the PSQI evaluated sleep quality in the month before measurement. Because differences were not found between outpatient and inpatient groups on the BSRS-5, but were found on the BDI-II and PSQI, the worse depressive symptoms and poorer sleep quality of our inpatient group might not have been affected by the upcoming surgery. Furthermore, in our multivariate linear regression model, we also showed that outcome measurement time had no role in sleep quality. However, the operation scheduling time in our hospital is usually 1 to 3 months. Thus, the poorer sleep quality of our inpatient group could have been associated with the long wait for surgery, rather than disease severity or psychologic impairment.
The inpatient group showed longer sleep latency than healthy subjects, suggesting they had more difficulty falling asleep after going to bed every night. However, 6 months after surgery, the sleep latency (PSQ-2 scores) did not significantly improve, but the sleep duration (PSQ-3 scores) did significantly improve (became prolonged). This indicated that the inpatient group still had difficulty falling asleep, but they can sleep longer after Nuss surgery. This might be because most patients were asked to convalesce at home and not return to work or school after surgery for 4 to 6 months. In other words, they did not need to work hard or study hard and only took rest (or sleep) at home even during daytime, and therefore they relatively slept ''too much,'' so that their sleep latency was still affected. Further studies might be needed to clarify this issue.
At baseline, only the outpatient group had significantly higher bodily pain sensations than the healthy group. This suggested that adult patients with PE seek surgical correction because of psychologic impairment but not bodily pain. Six months after the operation, even though pain was worse in the inpatient group, the sleep quality improved, indicating bodily pain did not affect patients' sleep quality. Previous studies revealed both impaired physical and psychologic function of children and adult patients with PE can be improved by Nuss surgery. 4, 5, 18, 19 We also observed the improvement of psychologic and physical function in our adult patients with PE.
The PSQI used in this study only evaluated subjective sleep quality. Polysomnography (PSG) is a well-known objective measure of sleep quality that yields more detailed information about sleep. We suggest PSG might be used to evaluate objective sleep quality before and after Nuss surgery. In addition, PSG can evaluate sleepdisordered breathing, especially obstructive sleep apnea (OSA). As is well known, laryngomalacia is found to be associated or present with OSA 24, 25 and PE. 26, 27 Similar to laryngomalacia, patients with OSA experience upper airway obstruction resulting in chest retraction during inspiration. However, only limited studies have evaluated the association between OSA and PE. In 1992, Castiglione and colleagues 28 reported that 82% of patients with OSA children presented with PE. In 2016, Ma and colleagues 29 reported a 5-year-old child with previously known persistent snoring during sleep for more than 4 years experienced severe sternum depression mimicking PE during an episode of upper airway infection. The PSG revealed he had severe OSA. His severe OSA and sternal depression dramatically improved after a standard adenotonsillectomy, which was done only to correct his OSA but not his PE. 29 They suggested OSA might aggravate sternal depression, and sternal depression might persist in mimicking PE if OSA is not treated over a long period. 29 This suggests that OSA might be a risk factor or aggravating factor for PE that may necessitate a second Nuss procedure. Therefore, it might be helpful to perform a PSG for evaluated sleep-disordered breathing before and after Nuss surgery. Patients with PE who also have or present with OSA might receive more frequent follow-ups after removal of the Nuss bar to detect the possibility of recurring PE.
Most previous studies have used a modified Nuss questionnaire or other disease-specific questionnaires to evaluate the effect of Nuss surgery; only 1 study used the SF-36 to evaluate the QOL of patients with PE aged 14 to 35 years. 11 They found that regardless of age, patients with PE attained significantly lower PCS scores than the general population (Cohen's d ¼ 0.5), but their MCS scores did not differ from general population. 11 In contrast, our results show that PCS and MCS scores in patients with PE were significantly lower than those of healthy adults. Perhaps this could be understood as the higher degree of PE-related psychologic trauma experienced by adult patients compared with children.
Surgical indications to correct PE are generally based on clinical judgments and physical problems. 30 They tend to be treated as cosmetic solutions for children and noncosmetic for adults, 23, [31] [32] [33] which may explain why surgical indications of our patients were mainly noncosmetic: They experienced more pain and worse QOL and sleep quality than the general population.
Further, because patients' psychologic problems outweigh physical problems, some investigators suggest that psychologic problems should be considered as surgical indicators. 2, 3, 17 In our study, we showed that poor sleep quality was associated with PE-related psychologic problems in patients with PE who had already decided to receive Nuss surgery. Therefore, we suggest that routine evaluation of sleep quality could be considered before and after surgical correction for PE.
Study Limitations
This study had many limitations. First, our study sample was small and therefore may not be representative of all patients with PE. Second, convenience sampling was used for recruiting the control group. Because it primarily comprised medical staff, the control group might be not representative of the general population. Third, all questionnaires were self-reports. Although participants received assistance to ensure questionnaire integrity, psychologic counselors or psychiatrists were not present to facilitate or confirm the trueness of all responses. Fourth, the measurement time and environment of these 3 groups were different. The control group was measured at our office with only research assistant to ensure the questionnaire integrity. The outpatient group was measured at the outpatient department, where time is important; therefore, they did not have much time to complete the measurements. The inpatient group was measured in the ward, where they had enough time to complete all the measurements with a trained research assistant. Further, all SF-36v2 scores were presented as norm-based scores using the general US population of 2009 for comparison. This may not be the best group for comparison because our study subjects were all Taiwanese: There may be racial and cultural differences in physical and psychosocial function. Moreover, we did not have a comparison group with a chronic health condition or another group scheduling another surgery as comparisons. The sleep disturbances might not be a physiologic problem specific to PE, but a more global psychologic problem associated with chronic disease or any other surgery. Finally, only the inpatient group had a postoperative (ie, 6-month) measurement; there was no 6-month measurement in the control group or outpatient group. The measurements of all 3 groups might indicate temporary changes among individuals. Further, well-designed studies are needed on this issue.
CONCLUSIONS
Our findings suggest a potential association between poor sleep quality and PE-related psychologic impairment, but not the disease per se. Patients' sleep quality should be evaluated before and after the Nuss procedure. 
